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Abstract 



We explore the possibility to observe an enhanced 2tt correlation 
in the scalar iso-scalar (a) channel in nuclei by (d,t) and (d, 3 He) re- 
actions to obtain new information on the partial restoration of chiral 
symmetry in the nuclear medium. The sensitivity of the reaction spec- 
00 ' tra on the change of the chiral condensate in the nuclear medium is 

examined. 

(N 
O ■ 

PACS: 24.85. +p; 25.10.+s; 14.40.Cs; 36.10.Gv 

g ■ 1 Introduction 

Mesic atoms and mesic nuclei are the useful laboratory for studying 
the meson-baryon interactions and the meson properties in the nuclear 
medium. Among others, pionic atoms have been long utilized for such 
studies fljj. The standard method to produce pionic atoms starts with 
injecting slow negative pions into matter: The pions will be stopped 
and trapped in outermost orbits of atoms, then lose energy by emitting 
Auge electrons and x-rays to cascade down to deeper atomic states. 
The binding energies and widths of the pionic bound states provide 
us with a unique information of the pion- nucleus interaction . 

However, the x-ray cascade ceases at the so called 'last orbital', 
where the pions are absorbed by the nucleus without going into deeper 
atomic states. This prevents us from studying the deep pionic states 
that have large overlap with nuclear density H. 
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To overcome this difficulty, the recoilless meson production by the 
(d, 3 He) reaction has been proposed @; this method tries to directly 
create deeply bound pions by the nuclear reaction without the cascade 
down of the pion from the outer most orbits. This direct method was 
proved to be effective and powerful for the study of far deeply bound 
pionic atoms 0,0: We can now determine the binding energies and 
widths of the deepest bound states such as Is and 2p atomic states 
from the energy spectra of the emitted 3 He. We remark that the 
(d, 3 He)-reaction is so powerful that it may be applied to the creation 
of even neutral meson-nucleus bound states such as the rj and u mesic 
nuclei {?]]. 

In this paper, we explore a possibility of producing a mesic nuclei 
by the one-nucleon pick-up reactions. The a meson (or /o(400— 1200)), 
which is a scalar-isoscalar (I=J=0) resonance, is considered to be the 
chiral partner of the pion and is related to the amplitude fluctuation 
of the chiral condensate (qq) in the QCD vacuum ||. In the free 
space, a may appear as a broad resonance at best, since it has a large 
decay width into two pions |], [Hj). In other words, the physical a 
is a superposition of bare-a and 2ir. On the other hand, the a may 
appear as a sharp resonance at finite temperature and/or baryon den- 
sity, if the partial restoration of chiral symmetry takes place. This 
is because the partial degeneracy of a and tt in the medium leads 
to the suppression of the phase space of the decay a —>2tt [11|. In 
this context, the spectral function in the scalar-isoscalar channel at 
finite temperature (T) has been studied in the linear <r-model, and 
the significant spectral softening and the spectral enhancement near 
the 2-7T threshold have been proposed as a characteristic signal of the 
partial restoration of chiral symmetry [12|. The idea was also gen- 
eralized to the scalar-isoscalar spectral-function in nuclear matter on 
the basis of the linear and non-linear cr-model, and a similar softening 
and enhancement have shown to take place even around nuclear mat- 
ter density [13]. This phenomenon may be also related to the data 
reported by CHAOS collaboration and by Cristal Ball collaboration, 
in which the softening of the invariant mass distribution of emitted 
2n in A(7r,7r7r)A' reaction is suggested [14-16]. Intensive theoretical 
investigations are now under way to see whether those data supply us 
with an information of the partial restoration of chiral symmetry in 
nuclear matter [17, 1^]. 

A unique feature of the a meson is that the mass and width are 
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smaller in the medium than in the vacuum. It implies that there is a 
chance to create the a mesic nuclei with a relatively small width, if one 
can produce deeply bound states in heavy nuclei. Finding such states 
will provide us with more information on the chiral properties of the 
nuclear medium and how partial restoration of chiral symmetry occurs 
in the medium. In fact, some experiments to produce the sigma meson 
in a nucleus to explore the possible restoration in nuclear medium were 
proposed some time ago |L9| . 

To maximize the density effect in the a formation reactions, heav- 
ier nuclear targets should be preferable. As the actual reaction to 
create the a mesic nuclei, the one-neutron pick-up (d,t) reaction is 
appropriate from the theoretical point of view, because the heavy nu- 
clei are neutron-rich. On the other hand, from the experimental point 
of view, the deuteron and the triton have the same magnetic rigidity 
in the recoilless kinematics, which causes difficulty in experimental 
isolation of the triton from the deuteron in the final state. The one- 
proton pick-up (d, 3 He) reaction, which was proved useful to produce 
the deeply bound pionic atoms, does not have this difficulty since the 
magnetic rigidity of d and 3 He are different. Because of these rea- 
sons, we consider both the (d,t) and (d, 3 He) reactions in this paper 
and study the formation cross sections of the a mesic nucleus in these 
reactions. f\ 

In section 2, we calculate the spectrum in the a channel in nuclei. 
We show the expected spectra in (d,t) and (d, 3 He) reactions in section 
3. Section 4 is devoted to a summary and concluding remarks. 



2 Spectrum in the a channel in nuclei 

In order to obtain the a spectrum in finite nuclei, we start with the 
Klein-Gordon equation with the a self-energy S CT which contains both 
the a — > 2tt process and the interactions with the nucleons, 

[-V 2 + ml + Z a (oj,p(r))\M7) =^ 2 <M0, (1) 

where p(f) is the local nuclear density, m a is the bare mass of the 
cr-meson, and u is the energy eigenvalue. Here we have neglected the 



2 For the formation of the n and uj mesic nuclei |Q, light nuclei are chosen as targets 
to avoid complex subcomponents of expected spectra, and the one-proton pick-up (d, 3 He) 
reaction is chosen to avoid the background from the incident deuteron. 
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momentum dependence of the self-energy. From the solution of this 
equation, we obtain the complex energy eigenvalues of the a states in 
nuclei. Since the self-energy is a function of oj carried by the a meson, 
we need to solve the above Klein-Gordon equation self-consistently. 
We notice that the eigenstates obtained here are not orthogonal to 
each other due to the energy dependence of the self-energy. In this 
paper, we neglect this point and assume the orthogonality of the states. 

The self-energy Yj a {uj,p) for uniform nuclear matter is evaluated 
in Ref. |l3| based on the SU(2) linear a model in the one-loop approx- 
imation. The explicit form reads 
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(4) 
(5) 

k is 



Here, (p denotes either i or a. 
a renormalization point in the minimal subtraction scheme. «£(/?) is 
defined to express the chiral condensate in nuclear matter (a) p as 
(cr)p = ctq^(p). In the linear density approximation, 



Hp) 



i-oA 



(6) 



with C being the measure of the rate of how strongly chiral symmetry 
is restored in the nuclear medium. Depending on how (a) is related 
to (qq), C may take a value 0.1 -0.4; see the second reference of ||. 

The first term in HeT, a corresponds to the mean field correction, 
Smf(p) = \cro((a}p — ctq) = — A<7g(l — <&(/?)) which is responsible for 
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the p dependence of the self-energy and provide the strong attractive 
potential for the a meson in heavy nuclei. Due to this attraction, 
bound a states may be formed. In order to construct the <r-nucleus 
optical potential, we use the local density approximation and consider 
the density p to be the nuclear density distribution p(r). The parame- 
ters used in this paper are obtained from the first reference in and 
listed in Table 1. In principle, we can choose any value of the renor- 
malization point k since the value of coupling constant A depends on 
k and the simultaneous change of k and A makes no differences to 
the physical results. However, due to the 1-loop approximation in our 
formula, we have a weak k dependence of the physical results and fix 
k to a certain value so as to reproduce the vacuum observables [12|. 



We show in Fig.l the attractive potential in the nuclear medium 
V(r) = T l MF(p( r ))/'^ m a for 208 Pb, where the density distribution is 
assumed to be of Woods-Saxon type with 6.5 [fm] and 0.5 [fm] for 
the radius and diffuseness parameters, respectively. The three curves 
correspond to C=0.2, 0.3 and 0.4, respectively. ImS CT is independent 
of the nuclear density in the present (one-loop) approximation. 

We show in Fig. 2 the bound state spectra of the a meson in 208 Pb 
for three cases with C=0.2, 0.3 and 0.4, together with the widths of 
the low lying states. The width is defined by T = —ImY la (uj n i)/m <T 
with the real part of the eigenenergies u n i for (nl) bound states. We 
find 17, 26 and 32 bound eigenstates (nl) of the a for C=0.2, 0.3 and 
0.4, respectively. The widths tend to decrease for deeper bound states 
because of the suppression of the irn decay phase space. Furthermore, 
for C=0.3 and 0.4, there appear so deep bound states that they have 
no width because of the hindrance of the decay into 2tt in the one- 
loop level. We should mention here that the meaning of the eigenstates 
with the width for larger than the separation of the levels is not clear 
and that the applicability of the ordinary quantum mechanics to these 
states should be discussed somewhere. 

In Fig. 3 (a) the spectral function of the bound a states defined 
below is shown for I = states for C=0.3: 

Pnl\U — 7~ 9 2 \2 1 n v \2> 

For comparison, we also show, in Fig. 3(b), the spectral function of a 
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in nuclear matter reported in Ref. [jDJ, which is defined as; 



7T (w 2 -ml- Re£ ff ) 2 + (im£ ff ) 2 " { ' 

In Eq. ([?]), we replace m 2 + ReS CT in Eq.(§) into u^i for the bound 
eigenstate (nl) of the cr in the nucleus. There exists a significant 
enhancement of the spectral function at uo ~ 2m n for deeply bound 
states. In Eq.(j^) and Fig.3(a), we added 5MeV to the ImE^ in order 
to regularize the infinity at cu = uj n i for ImS ff = eigenstates and to 
depict the spectral function in the figure. 

The full spectral function of the a in 208 Pb may be given by 

P^kM = E( 2Z + 1 )^H' ( 9 ) 



i.e., a simple superposition of all possible bound states with degeneracy 
factor (21 + 1); here the possible non-orthogonality of the eigenstates 
is assumed small, which should be checked in a future work. The 
numerical results of p^"p fe (w) are shown in Fig. 4 for C=0.2, 0.3 and 
0.4. The enhanced peak of the spectral function due to the deep 
bound states of 208 Pb seen in Fig. 3(a) is now somewhat spread due to 
large contributions from the shallow states whose spectral functions 
are close to those in the vacuum. Nevertheless, there still remains a 
significant enhancement near the 2n threshold for C=0.3 and 0.4 since 
they have bound states below 2m n . 



3 (d,t) and (d, 3 He) spectra in the a 
channel 

In the realistic experiments using nuclear reactions, the contribution 
of each bound state to the cross section is not equal but their relative 
significance is strongly dependent on the reaction mechanism. In order 
to take account of the reaction mechanism into the expected shape of 
the spectral function, we introduce the effective number N e g as the 
relative weight of each bound state Q. 

Before proceedings to the calculation, we give a detailed argument 
on the effectiveness of the (d, t) reactions for our purpose. First of all, 
deeper bound a states are preferable to observe a significant change 
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of the spectral function: In fact, we have seen in section 2 that the 
a mesic s and p states have large binding energies and small widths. 
Furthermore, the substitutional states are largely enhanced in the re- 
coilless reactions, and it is important to select proper configurations of 
meson bound states and single nucleon (proton or neutron) states to 
have large signals. Heavy nuclei, suited to produce deep a states, have 
different single particle configuration for protons and neutrons. The 
a mesic s and p states will be largely populated in the configurations 
of [s a ® 4™* on ], \p c ®p^ tron ] and [p a <g> p^f ron } with proton and 
neutron levels in the valence shell in the Pb region. Since the num- 
ber of neutron is larger than that of proton in these states, we can 
expect larger enhancement of the \p a (8> p^j^ tron ^ an d \jf ® p^J^ tron ] 
configurations and more significant changes in the spectral function 
than for [s a <8> s^' ™] in the spectrum. Thus, the one-neutron pick-up 
(d,t) reaction could be theoretically more effective for the formation 
of a-mesic nuclei than the proton pick-up (d, 3 He) reaction. On the 
other hand, from the experimental point of view, the (d, 3 He) reac- 
tion has less difficulty to detect the final state as mentioned in the 
Introduction. Hence, we investigate both (d,t) and (d, 3 He) reactions. 

First, we consider the (d,t) reactions. All formula shown below 
can also be applied to the (d, 3 He) cases similarly. Total spectrum for 
the (d,t) reaction is given by 

P?-]» 6 H = E JV eff^H- ( 10 ) 
nl 

Here N e s is defined by 

N cS = ]T l/^rxK^iAmJCW^^WljAfXiWI 2 , (11) 

JMm a J 

where ijjj n and <^ CT are the neutron and the a wave functions, respec- 
tively, while £i/2,m 3 the spin wave function. 

We adopt the harmonic-oscillator wave function for ipj n . We take 
the spin average with respect to m s so as to take into account the 
possible spin direction of the neutrons in the target nucleus. Xi an d 
Xf are the initial and the final distorted waves of the projectile and 
the ejectile, respectively. 

We use the Eikonal approximation with z being the coordinate in 
the beam direction, then X*fXi ls written as 

X/(r)Xi(r) = exp(iq • r)D(z, b), (12) 
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where the distortion factor D(z,b) is defined by 



D(z, b) = exp 



1 f z 1 f°° 

--^cr dN dz' pa{z ,b) - ~atN dzpA-i(z',b) 



.(13) 



Here, OdN{&tN) is the deuteron-nucleon (triton-nucleon) total cross 
sections; pa(z, b) and pA-i(z,h) are the density distributions of the 
target and the daughter nuclei with an impact parameter b, respec- 
tively. 

The a wave functions <^ CT used to calculate the effective number 
iV e fif are obtained by solving the Klein-Gordon equation (|l]). N e g is 
calculated in exactly the same way as the pion production [^0| at 
the resonance energy Lo n \ and is known to give a good account of the 
relative contributions of bound states for the pionic atoms ||. 

We shall now calculate N e g of (d,t) and (d, 3 He) reactions at 
= 1.5 and 4 GeV with Pb being the target. At T d = 1.5 GeV, both 
reactions satisfy the recoilless condition and the momentum transfer 
q = \q\ is nearly equal to zero at uj ~ 2m n where the spectral enhance- 
ment is expected. On the other hand, at = 4 GeV, the recoilless 
condition (q ~ 0) is satisfied at u = 500-600 MeV where the spectral 
function in the vacuum has the largest value. In the calculation, we 
have included all the single-particle neutron (for the (d,t) reactions) or 
proton (for the (d, 3 He) reactions) states in the valence shell of 208 Pb. 

In Fig. 5, the calculated total spectral function defined in Eq. ( |T0| ) 
for the (d,t) and (d, 3 He) reactions are shown. The total spectral 
function for the (d, 3 He) reaction is defined similarly using the ^ e ff 
for the (d, 3 He) reactions and shown together in Fig. 5. We find that 
the peak structure around u ~ 2m n is suppressed from the simple sum 
in Eq.@ because of the distortion effects of the deuteron and triton 
or 3 He. Since the contributions from shallow bound states dominate 
the spectral function, all results in Fig. 5 show the similar energy 
dependence even with different C values. 

As a general tendency, the magnitude of the pifp b is larger than 

that of p^Lpif 1 due to the existence of the larger number of neutrons 
than protons in the target nucleus, and the magnitude of the spectral 
function with larger C value is larger because there exist more a bound 
states for larger C due to the stronger attractive optical potential 
for the a meson. However, due to the reaction mechanism, we can 
find several exceptions of the general tendencies described above. For 
example, the spectrum with C=0.4 for the (d, 3 He) reaction at T^=4 
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GeV is smaller than other cases with C = 0.2 and 0.3. This is due 
to the lack of shallow a bound states with B.E. < 20 ~ 30 MeV and 
I = 0, 2, 4, which are expected to provide large contributions to p. 

Fig. 5 shows a sharp peak near 2tt threshold for C = 0.4 with 
T^=1.5 GeV. This originates from the deep bound states in the case 
of C=0.4. In contrast, the sharp peak disappears at Td=4 GeV; this 
is because the recoilless condition is not satisfied at u ~ 2m n at this 
higher incident energy. 

So far, we have calculated N e g at a certain reaction Q value cor- 
responding to each a eigenenergy, and treated it as a constant in the 
energy spectrum. This means that we have neglected the finite size 
effects of the nucleus since the momentum transfer varies according 
to the reaction Q value and the nuclear form factor can change the 
spectrum shape. To see the effect clearly, we show the contribution 
from the [(5s) " ® (2p 1 /2) neutron ] configuration N e gp n i(u>) as a function 
of the kinetic energy of the emitted particle Tf in Fig. 6 for the (d,t) 
reaction at T^=4 GeV with C=0.4. The dotted line indicates the re- 
sult without the nuclear size effects, where the iV e fj is calculated at the 
a eigenenergy and is treated as a constant. The solid line is the result 
with the iV e ff calculated with the appropriate momentum transfer for 
each Tf. We found that the nuclear form factor effects could have 
stronger energy dependence than those of a meson spectral function 
in cases with relatively larger eigenenergies io n j. We show in Fig. 7 

the total spectral functions pffpi, and p^!_pu when we include the 
nuclear form factor effects at T^=1.5 GeV in the C=0.2 and 0.4 cases. 
At this energy, since the recoilless condition is satisfied at Tf ~Tj- 
2m,,-, the spectra are enhanced due to the energy dependence of the 
iV ff . Because of the enhancement of the contributions from shallow a 
states around this region, the sharp peak is relatively suppressed and 
we can only see the peak for the (d, 3 He) reactions. 

To evaluate the magnitude of the cross section in the effective num- 
ber approach, we need the data of the cross section for the elementary 
process d + n— >t + o"— >t + 27r and d + p — > 3 He + a — > 3 He + 2ir. 
Since the data are not available at present, we estimate the elemen- 
tary cross section from the d + p — > 3 He + X spectra in this energy 
region. We can find the 2tt contributions fitted to the data in ref. [^] , 
which are expected to include V contributions. We roughly estimate 
the elementary cross section to be 20pb/sr by assuming the a contri- 
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bution is around , d — ~ 100 ( — Ji\ r i I in the figures in ref. pi 
and by multiplying the momentum interval Apjje = 0.2GeV/c which 
corresponds to the missing mass of X rax = 400 ~ 600MeV. Using 
this value we can roughly estimate the order of the double differential 
cross section of the emitted triton after the a bound state formation 
using the following expression; 



d?a ( da 



dflfdEf 



^) 2m CT p^M, (14) 



where / indicates the t and/or 3 He. We remark that (14) can be 
reduced to the same formula used in Ref. |2(| with non-relativistic 
energies by identifying T = — ImS/rrio-, E a = (u> 2 — m 2 )/2m a and 
E n i = (uj^ — m 2 r )/2m (7 , where T, E a and E n i are the a width, non- 
relativistic a energy induced by the reaction and non-relativistic a 
eigenenergy of the (nl) state, respectively. From Eq. (|14|) we can 
estimate the cross section using the spectral function as; 

d 2 a ( fjb \ />b-GeV\ / 1 \ 
dnJdE} IsT^eV J ~ 20 I i7 J ' P iGeV^J " (15) 

Using the results shown in Figs. 7, the cross sections are estimated 
to be around 4 ~ 10 [//b/sr/GeV] at the dominant peak in the spec- 
trum. The background cross section is roughly estimated to be around 
3[^b/sr/GeV] for light nuclear target cases in the first reference of |7|. 

Finally in order to discuss the sensitivities of the obtained results 
to the theoretical model adopted, we compare our a mass and width 
to the those obtained in ref. [^] . In Fig.||, we show the a meson mass 
and width in nuclear matter as a function of the nuclear density. We 
can see the a mass is smaller for higher nuclear density for all cases 
shown in Fig.||. In our model the C parameter determine the strength 
of the real part of the cr-Nucleus optical potential, namely a mass in 
medium. We find that our results with C = 0.2 ~ 0.3 provide the 
similar strength of the real part of the optical potential to that in 



ref. |2| 



As for imaginary part, the half widths of our model shown in Fig. 
H have different p dependence from ref. In our model, the p 

dependence of the a half width is due to the m a dependence of the 
a — > 7T7T decay width and, thus, the half width is for nuclear densities 
where m a < 2m n . In the model in ref. [p2[, other channels, a — * ir+ph 
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and a — > 2ph, are implemented and the half width shows the different 
p dependence. We can see from the figure that in the model of ref. [22 
the half- width is larger than around 100 MeV for p = ~ l-4/?o and 
the narrow bound states will not exist. 

We would like to mention that it is also instructive to compare our 
spectral functions in Fig. 3(b) with those by Z. Aouissat et al. in Fig. 
2 in ref. [Q, where the ph contribution is included. 



4 Summary 

We have studied the properties of the a meson at finite density through 
the formation of the a mesic nuclei in the (d,t) and (d, 3 He) reactions. 
This is related to the physics of partial restoration of the chiral sym- 
metry at finite baryon density. 

The a meson embedded in nuclear matter is treated on the basis of 
the SU(2) linear cr-model in the one-loop approximation. By solving 
the Klein-Gordon equation for a in the local density approximation, 
we found that the deeply bound a states for heavy nuclei have sig- 
nificantly smaller decay widths than those in vacuum due to the tttt 
phase space suppression. By evaluating the spectral function of the a 
bound states in Pb, a significant enhancement near the 2tt threshold 
is observed in spite of the large degeneracy factor for the shallower 
bound states. 

We have also evaluated the expected spectral function in the (d,t) 
and (d, 3 He) reactions using the effective number approach. The "shape" 
of the spectral function becomes insensitive to the change of the chi- 
ral condensate in nuclei because N e g has large weight on the shallow 
states in these reactions. However, the absolute magnitude of the 
spectral function is sensitive to the change of the chiral condensate in 
nuclei. If we chose Trf=1.5 GeV, the recoilless kinematics is met for 
u ~ 2m n . In this case, the sharp peak structure near the 2n threshold 
for C = 0.4 could be seen for the (d, 3 He) reactions. By assuming 
the elementary cross sections to be 20 [^b/sr], the absolute value of 
the cross section to be 4 ~ 10 [jub/sr /GeV] . In order to observe the 
softening spectral function of the cr-channel more clearly, other re- 
actions which can enhance the contribution of the deeply bound a 
states should be also considered. The evaluation of the background 
from e.g. A processes, which will have a peak around 2ra. K excitation 
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energy region, is also necessary for quantitative study. 
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Table 1: Parameters used in the present calculations and a meson mass in 
vacuum m^ ree obtained in this model are shown [12| . 



A k (MeV) 


a (MeV) 


m a (MeV) 


m n (MeV) 


m trcc ( Me y) 


73.0 255 


90.7 


469 


140 


550 



15 




rflta] 

Figure 1: The real potential for a meson inside the 208 Pb nucleus defined 
as; V(r) = T l MF(p(r))/2m u . The density is assumed to be the Woods- 
Saxon form with 6.5 [fm] and 0.5 [fm] radius and diffuseness parameters, 
respectively. Each line indicates C=0.2 (dotted line), 0.3 (dot-dashed line) 
and 0.4 (solid line) case, respectively. 
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(c) C=04 
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Figure 2: Calculated eigenenergies of the bound a in 208 Pb with (a) C=0.2, 
(b) C=0.3 and (c) C=0.4. The I is the orbital angular momentum of the a. 
Widths are shown by numbers for the low lying states in unit of MeV. The 
2m 7r threshold is shown by the dotted line. The states below the threshold 
do not have widths due to the tttt decay 



17 





(0 [GeV] 



Figure 3: (a) The spectral function p n i{u) of the a bound states with 1=0 for 
C=0.3 case. We added 5MeV to the imaginary part of the self-energy, (b) 
Spectral function of the a in nuclear medium for several values of $ = (er) p / ctq 
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Figure 4: Full spectral functions of the a in Pb, which include all bound 
states contributions, are shown for C=0.2 (dotted line), 0.3 (dot-dashed line) 
and 0.4 (solid line) cases. 
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Figure 5: Total spectral function obtained with the effective numbers for 
(d,t) reactions as the relative strength of the each a eigenstate at (a) T^=1.5 
GeV and (b) 4GeV, and for the (d, 3 He) reaction (c) T d =1.5 GeV and (d) 
4GeV. Each line indicates C=0.2 (solid line), 0.3 (dashed line) and 0.4 (dotted 
line) case, respectively. 
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Figure 6: The ~N e ffp n i(u) for the [(5s) CT <g> (2pi/ 2 ) neutron ] configuration is plot- 
ted as a function of the kinetic energy of the emitted triton Tj for the (d,t) 
reaction at T^=4GeV with C=0A. The solid line indicates the spectrum 
with the energy dependent N e // and the dashed line with the constant N e // 
calculated at the a eigenenergy, u;=512.64 MeV. 
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Figure 7: Total spectral function obtained with the energy dependent effec- 
tive numbers for the (d,t) and (d, 3 He) reactions at T^=1.5 GeV. 
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Figure 8: Calculated a meson mass (solid lines) and half-width (dashed lines) 
in nuclear matter are shown as a function of the nuclear density. Present 
results are shown as thick lines for C = 0.2, 0.3 and 0.4 cases. The results 
obtained in ref. [^2] are shown as thin lines for comparison. 
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